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CHEMICAL  MEANS  OF  PROTECTING  NONMETALLIC  MATERIALS 
FROM  ATTACK  BY  MICROORGANISMS 


At  the  present  tine  it  is  established  that  praotioally 
all  nonmetallic  materials  can  be  attacked  to  one  degree  or 
another  by  various  microorganisms.  The  attack  of  various 
materials  oocurs  especially  rapidly  under  tropical  conditions 
at  relatively  high  temperature  and  air  moisture. 

Materials  of  plant  and  animal  origin,  and  also  the 
products  of  their  digestion,  are  most  easily  attacked  by 
microorganisms.  Various  synthetic  polymeric  materials  and 
even  optical  glass  i»  13  also  undergo  attack  by  microorganisms. 


Unstable  materials  include:  wood,  paper  and  cardboard, 
nltrocellulosel,  ouprammonium  rayon,  biscose  rayonl,  poly¬ 
vinyl  acetate1,  wool2.  Ieather3,  refined,  unvuloanized,  natural 
rubberlS,  hevea  latex1,  guayule  latexl,  snoked  sheets6,  gutta¬ 
percha6,  regenerated  rubber1,  neoprene  with  nutritive  additive6, 
butadiene-styrole  SK,  Buna-sl,  Buna-H°»12.  Isobutylene- 
Isoprene  SK  •  Unvulcanized8  and  vulcanized^  Thiokol, 
Phenolo-anilino-formaldehyde  reslnl,  alkyd  resin12. 


The  following  materials  are  stable:  mixed  neoprene 
rubber6,!2 ,15,  silicone  resin1,  orlon  1',  polyme theory la tel2 , 
phenolo-formaldehyde  resin  l2,  urea-formaldehyde  reslnl2, 1°, 
tefl.onl9,  poly  styrene  12 ,19,  poly  isobutylene  l2, 20.  According 
to  one  report  neoprene-polyvinylchloride  is  a  material  whloh 
is  resistant  to  the  effect  of  mloroorganisms,  that  according 
to  others8 *1°  -  it  is  not  resistant. 
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In  many  oases  the  action  of  microorganisms  does  not 
have  a  substantial  effect  in  changing  the  durability  of  the 
material,  but  has  a  negative  effect  on  its  external 
appearanoe,  and  also  on  its  eleotrlcal  propex’tles1*1^. 

Thus,  the  speolflo  volume  eleotrloal  resistivity  of  oertain 
insulating  materials  ( polyvinylchloride ,  plastioized  resin 
and  perohlorvinyl  ooatings  of  various  resins,  laoquer  coatings 
and  many  other  materials;  drop  100-fold  under  the  influenoe 
of  molds. 

It  should  be  noted  that  the  resistance  of  plastics  to 
microorganisms  nas  still  not  been  studied  adequately  in 
reoent  times  and  there  is  much  data  indicating  the  vulnera¬ 
bility  of  various  materials  which  were  previously  considered 
to  be  completely  resistant.  It  has  been  established  positively 
that  all  articles  from  very  different  polymers  which  contain 
cellulose  as  filler  and  other  organic  substances  capable  of 
serving  as  nutritive  media  for  molds  and  other  microorganisms 
are  very  vulnerable  to  microorganisms1. 

The  prevention  of  growth  of  microorganisms  on  various 
artloles  can  be  accomplished  by  many  methods,  of  which  the 
following  have  practical  importance:  application  of  materials 
resistant  to  the  action  of  microorganisms,  and  addition  of 
special  antlseptlos  which  kill  microorganisms  or  inhibit  their 
growth  to  materials. 

It  is  necessary,  however,  to  indicate  that  materials 
which  possess  absolute  resistance  have  still  not  been  found 
at  the  present  time  and  frequently  growth  of  molds  is  observed 
cn  relatively  resistant  materials  which  have  no  nutritive 
medium  at  all  for  fungi,  and  are  contaminated  by  organic  sub¬ 
stances  from  the  atmosphere  and  soil1. 

Due  to  the  most  extensive  distribution  mentioned 

above,  protection  of  various  materials  from  attack  by  micro¬ 
organisms  was  obtained  by  means  of  addition  of  speolal  antl¬ 
septlos  to  them. 

The  most  extensive  use  of  antisept-ioe  was  attained  for 
proteotlon  of  wood-  material  which  is  used  in  extremely 
different  fields  of  industry  and  construction.  Without 
touohing  on  questions  of  protection  of  wood,  whioh  were  con¬ 
sidered  in  print  several  years  ago^1,  that  the  rate  of 
manufacture  of  antiseptics  for  wood  has  continually  enlarged. 
This  is  quite  convincingly  clear  in  the  case  of  Pentaohlor- 
phenol,  whose  use  for  antiseptic  treatment  of  wood  in  the  USA 
increased  from  126.7  tons  in  19 45  to  5,138.1  tons  in  19 58z*. 
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We  note  that  antiseptios  which  are  effective  for  one 
type  of  microorganism  may  appear  to  have  little  effect 
against  others.  The  materials  Into  whioh  the  antiseptios 
are  Introduced,  and  also  the  conditions  of  introduction  of 
the  antiseptios  and  the  treatment  of  the  material  appear  to 
have  a  great  influence  on  the  effectiveness  of  the  antiseptics. 
There  are  indications  in  the  literature  that  dven  the  solvent 
may  have  an  effect  on  the  activity  of  the  antiseptle23,  whioh 
is  especially  Important  when  using  antiseptic  for  paint  and 
varnish  coatings.  The  pH  of  the  medium  also  has  a  substantial 
effect  on  the  activity  of  antiseptics2^. 

Usually  the  following  general  requirements  apply  to 
antiseptics:  the  presence  of  fungicidal  and  bactericidal 

effect  against  a  wide  circle  of  microorganisms,  chemical  and 
physical  stability,  absence  of  odor  and  color,  low  volatility 
and  low  solubility  in  water,  eto.  Moreover,  an  antiseptic 
introduced  into  a  given  material,  should  not  effect  its 
chemical  and  physical  properties,  should  not  harm  the  quality 
of  the  article,  or  ohange  the  technology  of  its  preparation 
and  harm  the  working  condition.  Antiseptics  should  be  suf¬ 
ficiently  inexpensive  and  have  comparatively  low  toxicity  for 
humans  and  animals.  Antiseptics  which  simultaneously  satisfy 
all  the  enumerated  requirements  have  not  yet  been  found, 
although  more  than  3*000  compounds  have  been  published  in  the 
literature,  which  have  been  tested  at  various  times  in  very 
different  materials.  Practical  application  has  been  obtained 
for  an  extremely  limited  number  01  substances. 

In  a  short  review  It  is  not  possible  to  give  even  a 
simple  list  of  the  antiseptics  which  have  been  studied  up  to 
the  present  time,  and  we  are  attempting  to  mention  only 
certain  preparations  which  have  sufficiently  great  practical 
application.  At  the  present  time  a  very  great  number  of 
classes  of  organic  compounds  have  been  studied  as  antiseptics 
for  various  nonmetalllc  materials,  including  phenols,  nitro¬ 
compounds,  halogen  derivatives  of  hydrocarbons ,  simple  and 
complex  ethers,  salts  of  various  organic  acids,  heterocyclic- 
compounds,  qulnones,  amides  of  acids,  organic  compounds  of 
mercury  and  tin  and  many  others2^8. 

Of  the  phenols,  the  most  widely  used  as  antiseptics  for 
nonmetallio  materials  are  the  tri-tetra-  and  pentschjorghenols, 
which  are  used  for  protecting  paper  and  cardboard'*-*26-28, 
cotton  and  other  fibers  of  plant  origin2?-^,  plastic  sub¬ 
stances^*  3?,  paint  and  varnish  coverings^®* 38-*0,  leather^* 


certain  other  materials1  from  attaok  by  mloroorg&nlsms. 

Usually  these  phenols  are  introduced,  in  quantities  from 
0.4  to  2)6  of  the  weight  of  the  dry  material  being  preserved. 

In  several  cases  in  order  to  increase  resistance  in  the 
presence  of  moisture  antiseptics  are  introduced  along  with 
hydrophobic  additives  (most  frequently  bitumen,  paraffin  or 
synthetic  resins). 

Of  the  substances 

diohlordiphenylmc thane  *  wjmeuvj.  -  , 

oxydlphenyl5°*5o,5?,  e-naphtnol^ ,  have  also  received  some 
application  as  to  antiseptics.  Thus,  n-nitrophenol  proved 
to  be  a  good  antiseptio  for  leather  and  natural  and  synthetic 
rubbers. 

It  is  appropriate  to  note  that  as  a  result  of  prolonged 
action  of  sunlight  almost  all  halogenophenols  impregnating 
plant  fibers,  break  down  with  the  formation  of  hydrogen 
chloride,  which  results  in  some  reduction  of  the  durability 
of  the  fiber1. 

Along  with  free  phenols,  their  salts  with  various  metals 
are  also  usedt  copper,  zinc,  silver,  cadmium,  etc.  Interesting 
results1  were  obtained,  in  particular,  with  silver  pentachlor- 
phenolate,  which  was  used  for  protection  of  cotton  fabric  in 
Florida  (USA)  over  a  period  of  two  years  in  air  and  for  more 
than  three  weeks  in  soil.  After  remaining  for  two  years  in 
open  air  the  fabric  treated  with  1)6  silver  pentaohlorphenolate , 
lost  only  11-13)8  of  its  original  durability,  while  control 
samples  had  centergraded  by  90-100)6.  Somewhat  poorer  results 
were  obtained  by  treatment  of  fabrio  with  oopper  pentachlor- 
phenolate.  inasmuch  as  under  the  same  conditions  after  two 
years  the  durability  of  the  fabric  was  reduced  by  25)6.  and 
fabrio  treated  with  free  pentachlorphenol,  had  deteriorated 
toy  77-95)6. 

Mixtures  of  various  phenols1,  and  also  mixtures  of 
phenols  with  ketones  and  halogen  derivatives  of  aromatic  hydro- 
carbons1*??  possess  increased  aotlvity.  4,4'-  dinltrodiphenyl- 
carbonate60  has  also  been  proposed  as  active  antiseptic  for 
leather. 

Copper  8-oxYqupuiola-te.  which  is  used  £or  protection 
of  textile  products  2>  56,  61-69  including  fire  hoses,  cotton 

and  paraohute  fabrics  and  various  other  materials  used  in 
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airplane  construction2 3 • 56 t  lacquers  and  palnts^0-^.  and 

plastic  substance s57 i 73,  have  reoeived  wide  application 
for  antiseptio  treatment.  The  addition  of  copper  8-oxyquln- 
olate,  and  also  other  copper  compounds  to  natural  rubber 
leads  to  rapid  aging,  while  certain  synthetio  rubbers  in 
this  case  proved  to  be  reslstant57. 

Copper  8-oxyquinolate  is  added  in  a  quantity  from  0.5“ 
8-10)6  depending  on  the  material.  It  may  be  added  by  various 
methods,  for  example,  precipitation  of  the  material  as  a 
result  of  reaction  with  inorganic  oopper  compounds  with  salts 
of  8-oxyquinolate ,  or  in  the  form  of  solutions  in  various 
organic  solvents6^  or  in  the  form  of  its  aqueous  suspension, 
and  also  an  emulsion  of  its  solutions1.  The  presenoe  of  a 
oolor  is  a  substantial  drawback  of  this  antiseptio  (as  it  is 
with  almost  all  other  organic  oopper  compounds) ,  whloh  to  a 
oertaln  extent  limits  the  possibility  of  its  use. 

--Recently,  the  use  of  8-oxyquinolate  a  of  cadmium?1* , 
lead'5,  and  other  metals  as  antiseptics  for  various  materials 
has  been  patented. 

The  use  of  oopper  naphthenate,  use  production  in  the 
USA  in  1958  exceeded  1,000  tons?6  has  reached  significant 
levels.  Since  copper  naphthenate  has  an  unpleasant  odor  and 
stains  materials,  it  is  used  mainly  for  treatment  of  cruder 
artioles1.  Along  with  copper  naphthenate,  the  use  of 
naphthenates  of  other  metals  and  their  mixtures  with  oopper 
naphthenate  has  been  proposed1.  There  are  data  in  the  patent 
literature  on  the  high  aotlvlty  of  oopper  salts  of  various 
other  organlo  acids  ae  wgll  (for  example,  furanoarbonate  and 
furandithiocarbamate77»7uf  and  also  stearlo,  palmltio,  and 
oleic  acids1). 


Dlnltrofluorobenzene ,  dlnltroflurobromobenzene ,  1-fluor- 
o-3-chloro-4,6-dlnltrobenzene  and  l,3-difluoro-4,6-dinitro- 
benzene2'** 37  are  Interesting  antiseptics  for  various  aviation 
materials  and  especially  plastlos.  These  compounds  are  quite 
soluble  in  organlo  solvents  and  in  many  high  polymers,  are 
odorless  and  have  praotloally  no  odor.  They  significantly 
surpass  phenols  and  oxyauinolates  in  microbiological  activity. 
Fluoronltrobenzene  is  also  suggested  for  use  in  protecting 
leather21* •  5?.  One  must  note,  however,  that  it  is  rather 
oomplloated  to  obtain  these  compounds  (with  the  exception  of 
2, 4-dinltrofluoro benzene ) ,  as  a  result  of  whioh  their  oost  is 
higher  than  halogenophenola  and  8-oxyquinolate  derivatives. 


Several  other  haloge nonitrobenzene  8  have  proved,  to  be  native 
fungioldes  for  the  protection  of  leather??. 

Organic  compounds  of  tin,  which  are  dose  to  organic 
compounds  of  mercury  In  the  strength  of  their  effect  are 
new,  promising  antiseptics  for  nonmetallic  materials  66,80-86. 
The  mlnlmnl  concentrations  of  several  organic  compounds  of 
tin,  whioh  completely  Inhibit,  the  growth  of  fungi  required 
for  characteristic  fungicidal  activity  of  this  group  of 
substances  are  presented  In  the  table®2 • 83.92, 


Fungicidal  Aotlvlty  of  Several  Tin  Compounds 


Minimum  concentration  for  full  stoppage 
_ of  growth 


Compounds 

Botrytis 
al  1  i  i 

Penicilliuml 
i  t  a  3 1  i 

Aspergillis  1 
ni^er 

f  Rhizopus 

Trlmethyltinaoetate 

* 

**.,  1  i 

• 

J  nigricans 

Trie  thyl t lnaoe  tate 

■/ 

Trlpropyltlnaoetate 
Trllsopropyltlnacetate 
Tributylt lnacetate 

» i . 

i 

:£  i 

U 

1 1 ,  ’i 

1  : 

Trlhexylt lnacetate 

j  1  It  1 

in  i 

i" ! 

Triootyltlnacetate 

- 

1 

Triphenyltinacetate 

>-» 

1 

Die thylphenylt inace tate 
Diethyl-n-Bromophenyl- 

! 

0.5 

l 

tinacetate 

o. ; 

v ,  5 

Die thylbutyltinaoe tate 

v  r> 

1  \  ,) 

y  *  *  i 

Die thyl hexyltlnace tate 
Die thyloetyltlnace tate 

^  ■  ,  i  i'2 

i 

u  t ; 

E thy Idlpenfcyifcinnce tate 
Phenylmercuriaoetate 

i  4  'j 

i. 

■  j , 

Organic  tin  compounds  are  good  antiseptics  for  wood®^’®3* 
cotton  and  Jute®**,  paints®*,  paint  and  lacquer  coatings®?, 
paper®-*-  and  other  materials.  Organic  tin  compounds  began  to 
be  used  as  agents  for  protecting  plants  from  diseases? 3, 9k 
and  for  preventing  slime  formation  In  the  paper  industry®®*®®, 
as  effective  substitutes  for  organic  mercury  compounds,  less 
toxic  for  humans  and  domestio  animals? 5. 
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In  industry  the  acetate  and  oxide  of  tributyltln  has 
had  the  widest  application, and  in  agriculture  -  trlphenyltln- 
aoetate . 

It  is  interesting  to  note  that  several  organic  oompoundB 
of  tin  are  stabilizers  for  various  plastic  materials,  increase 
their  thermal  stability,  preventftyellowing  and  Increase  the 
duration  of  servloe  in  sunlight. The  stabilization  of 
polyvinylchloride  resin  by  organlo  tin  compounds  Is  of 
partloular  interest, 

Organlo  compounds  of  mercury1, 20‘ 36,66, 96-103^ 
are  recommended  for  treatment  of  textile  materials1,  wood 
and  paperi,^0,t>t>»9o»  97  plastic  materialsl*20,9BI  resln99, 
lacquers  and  paints1®®*1®2,  are  used  as  universal  antiseptics 
for  many  types  of  nonmetalilo  materials. 

These  compounds  include  phenylmerouriaoetate ,  -phthalate, 
-sulfamlde,  -oleate,  pyrldylmercurlohlorlde,  alkylmerourioleate , 
ethylmerouriphosphate  and  several  others.  Usually  organic 
compounds  of  mercury  are  used  in  quantities  from  0.1  to  ^ 
of  the  weight  of  the  treated  material,  considering  dry  matter1. 
The  general  disadvantage  of  these  compounds  of  mercury  is 
their  high  toxicity  for  persona  and  animals,  which  is  aggra¬ 
vated  by  their  ability  to  accumulate  In  the  organism  and  to 
cause  serious  chronic  poisoning.  The  high  toxiolty  of  organic 
meroury  compounds  for  humans  leads  to  the  necessity  of 
taking  speolal  precautionary  measures  both  in  their  produc¬ 
tion  and  in  their  use,  which  signlfioantly  increases  the 
cost  of  production. 

A  negative  property  of  organlo  meroury  compounds  Is 
also  their  low  stability  in  relation  to  soil  microorganisms, 
by  which  they  are  broken  down  according  to  the  following 
scheme:  2HHgX  +  2H  R2Hg  +  Hg  +  2HX 

Inorganic  meroury  compounds1®2  have  also  been  proposed 
as  antiseptic  for  nonmetalllc  materials,  but  their  effect  is 
significantly  weakex  as  a  result  of  which  they  must  be 
introduced  into  the  treated  material  at  higher  quantities 
than  organlo  compounds. 

Salioylanilide  is  an  lntersting  universal  antiseptic 
with  low  toxiolty  for  humans,  which  is  recommended  for  pro¬ 
tection  of  paper126,  textile  materials1!  plastios20*106, 
laoquer  and  paint  ooatings104,105,  resins  and  other  materials1. 
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3alloylanillde  Is  pooily  soluble  in  water,  rather  stable 
to  heating  and  comparatively  inexpensive.  However,  in  order 
to  obtain  a  good  protective  effect,  sal ioylani lids  must  be 
introduced  into  the  treated  material  at  high  quantities 
(3-8)1)  whioh  in  many  oases  shows  up  negatively  in  the 
properties  of  the  treated  material.  An  especially  pronounced 
negative  effect  of  salloylanillde  appears  in  laoquer  coatings 
in  whioh  the  preparation  sometimes  separates  in  the  form  of 
orystals. 

There  Is  some  use  of  quaternary  ammonium  salts10?-111, 
whioh  possess  comparatively  weak  fungloldal  aotlvlty,  but 
more  baoterioidal.  In  view  of  its  good  solubility  in  water 
its  application  is  expedient  only  in  cases  when  the  treated 
material  is  not  subjected  to  systematlo  effeot  of  water. 


119 


are  also  suggested. 


The  use  of  antiseptlos  for  protection  from  mloroorganlns 
has  great  significance  not  only  for  protection  of  various 
nonmetallio  materials,  but  also  for  other  purposes  in  oertaln 
fields  of  industry.  Protection  from  biologlot 1  growth  Is 
espeoially  important  in  the  paper  industry.  Aooordlng  to 
data  of  various  investigators  biological  overgrowth  of 
apparatus  In  paper  faotories  in  the  USA  results  in  annual 
losses  of  about  25  million  dollars1.  Organlo  mercury 
compounds,  their  mixtures  with  phenols  and  gxyqulnollne1^0-14^ , 
and  also  the  hydrate  of  trlbutyltlnoxlde“°»B8t  have  been 
used  recently  as  agents  for  oombatlng  blologioal  overgrowth 
in  the  paper  industry. 
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